ABSTRACT: In the present study, an attempt has been taken to evaluate the effect of sodium lauryl sulphate (SLS) and glyceryl mono stearate (GMS) as solubility enhancers on the release profile of a poorly soluble drug, carbamazepine. Matrix tablets of carbamazepine were prepared by wet granulation technique using hydrophilic polymers (10% of Methocel K15 MCR and 10% of Methocel K100LV CR) as release controlling agents. Varying amounts of SLS and GMS were used in six different formulations to observe the impact on the release rate and mechanism of drug release. The dissolution study of carbamazepine from these extended release matrix tablets was conducted for 24 hours using basket method in 900 ml distilled water as dissolution medium. The data obtained from the dissolution studies were explored and explained with the help of zero order, Higuchi, first order, KorsmeyerPeppas and Hixson-Crowell equations. It was found that the dissolution rate of carbamazepine with the formulation containing SLS was higher than GMS containing formulation and increased concentration of SLS increasing the release rate. Where there was no SLS or smaller amount of SLS or GMS release rate was decreased. Formulation having equal ratio of SLS and GMS did not show the desire release profile. The drug release mechanism followed mainly super case II transport. These results clearly demonstrated that the dissolution rate, extent and mechanism of carbamazepine release could be changed by optimizing the amount of SLS and GMS in the tablet formulation.
INTRODUCTION
Carbamazepine is a poorly water-soluble antiepileptic drug. Poorly soluble drugs are associated with slow drug absorption leading to inadequate and variable bioavailability. 1, 2 Most formulation strategies for such drugs are targeted at enhancing their dissolution rate and/or solubility in vivo by achieving their fine dispersion at absorption level. [2] [3] [4] General strategies to enhance their dissolution patterns rely upon either changing the dissolution medium pH, or adding solubilizer such as surfactants and cyclodextrin derivatives into the dissolution medium. [5] [6] [7] [8] [9] [10] [11] The incorporation of a surfactant or suspending agent into a formulation can enhance solubility but may have detrimental impact on regulatory approval or overall stability of the formulation. By incorporating a small amount of a surfactant (often less than 0.2 per cent) in a formulation, it may be possible to enhance the solubility by increasing the exposure of poorly soluble drugs' physical surfaces to gastrointestinal fluid and facilitate dissolution or dispersion. There is a threshold of usability for surfactants -in vivo side effects notwithstanding -above which they begin to depress solubility and complete release often becomes problematic for the formulation, especially within matrix-based systems. 12 The addition of surfactant in matrix formulations has generally resulted in a faster drug release rate. [13] [14] [15] Moreover, the findings of a lot of investigations showed that the presence of surfactant influenced the tablet disintegration rate, producing a finer dispersion of disintegrated particles with correspondingly larger surface area for drug dissolution.
MATERIALS AND METHODS

Materials.
The following materials were used in the present study: carbamazepine (FIS, Italy), methocel K15M CR and methocel K100 LVCR (Colorcon, USA), sodium lauryl sulphate (SLS) (Weichers & Helm), glyceryl monostearate (Chemical Canagement Consortium, Germany), colloidal silicon dioxide (aerosil 200, Degussa Cobat, Germany), and magnesium stearate (Wilfrid Smith Ltd., UK.).
Solvents and reagents.
Methanol (Merck, Germany), methylene chloride (Merck, Germany), distilled water were used.
HPLC analysis. The standard drug, carbamazepine as well as sample solutions were analyzed by HPLC for checking purity and identity (Figures 1 and 2 ).
Preparation of matrix tablets. Tablets were prepared by wet granulation technique (Table 1) . In formulation F-1, the active ingredient carbamazepine and release retardant methocel K15M CR were blended together in a polybag for 10 minutes. Then, the blend was sieved through 0.425 mm mesh (SHIVA, India) and taken in a stainless still bowl.
Purified water was added with blend and mixed well to form granules. In formulation F-2 and F-3, SLS was dissolved into 50 ml water. SLS solution was added with blend and mixed well to form granules. In the formulation Formulations. The formulations of tablets are shown in Table 1 . 
Physical evaluation of granules
Bulk density. LBD (loose bulk density) and TBD (tapped bulk density) were determined by taking 2 g of powder from each formula, previously lightly shaken to break any agglomerates and pouring into a 10 ml measuring cylinder. After the initial volume was observed, the cylinder was allowed to fall under its own weight onto a hard surface from the height of 2.5 cm at 2 second intervals. The reading of tapping was continued until no further change in volume was noted. Using the following equation Angle of repose. The angle of repose of granules was determined by the funnel method. The accurately weighed granules were taken in a funnel. The height of the funnel was adjusted in such a way that the tip of the funnel just touched the apex of the heap of the granules. The granules were allowed to flow through the funnel freely onto the surface. The diameter of the powder cone was measured and angle of repose was calculated using the following equation:
here, h = height of the powder cone, r = radius of the powder cone.
Moisture content. Moisture content of granules was determined using Mettler Karl Fischer titrator. About 120 mg granules was weighed and added into the reagent solutions of the instrument, which was stirred and the tare weight was fed into the instrument. Then after certain duration of time the moisture content as %w/w was read on the monitor. Drug content. An accurately weighed amount of powdered carbamazepine (200 mg) was extracted with methanol and the solution was filtered through 0.45-µ membrane filter paper. The drug content was measured by HPLC with UV detector (SHIMADZU, Japan) at 230 nm after suitable dilution with mobile phase (water: methanol: methylene chloride = 600:450:45) according to USP. (Figure: 1, 2) .
Physical evaluation of carbamazepine matrix tablet
Hardness and friability. For each formulation, the hardness and friability of 6 tablets were determined using the Monsanto hardness tester (England) and the Roche friabilator (ERWEKA, Germany) respectively.
Diameter and thickness. The diameter and thickness of the tablet was determined using digital vernier calipers (Neiko Tools, Model: 11033A, USA). Five tablets from each batch were used, and average values were calculated.
Average weight and weight variation test. To study average weight and weight variation, 20 tablets from each formulation were weighed using an analytical electronic balance (Sartorius, Germany) and the test was performed according to the official method.
Drug content. Ten tablets were weighed individually, and the drug was extracted with methanol. Drug content determined by the same way of granules.
Dissolution studies. The in vitro dissolution study was carried out using USP Type -I dissolution apparatus (Electrolab, India). The study was carried out in 900 ml of distilled water. The dissolution medium was kept in thermostatically controlled water bath, maintained at 37°C ± 0.5°C. Basket rotation was adjusted to 100 rpm. At definite intervals, 5 ml sample was withdrawn and analyzed spectrophotometricaly at 285 nm for the drug release by using UV-visible spectrophotometer (Shimadzu, UV-1601, Japan). At each time of withdrawal, 5 ml of fresh corresponding medium was replaced into the dissolution flask.
Kinetic treatment of dissolution data. [16] [17] [18] [19] [20] In order to describe the kinetics of the release process of drug in the different formulations, zero-order (Qt= Q0 + K0t), first-order (in Qt = in Q0 + K1t), Higuchi (Qt = KHt 1/2 ) and Korsmeyer-Peppas (Qt/Q∞= Kt n ) and Hixson-Crowell models (Q0 1/3 -Qt 1/3 = kHC х t)
were fitted to the dissolution data of optimized formulations using linear regression analysis. A value of n = 0.5 indicates case I (Fickian) diffusion or square root of time kinetics, 0.5<n<1 anomalous (non-Fickian) diffusion, n=1 Case -II transport and n>1 Super Case II transport.
RESULTS AND DISCUSSION
The results of angle of repose indicated good flow properties of the granules which were further supported by lower compressibility index values. The percentage porosity values of the granules indicated that the packing of the granules might range from close to loose packing and also further confirming that the particles were not of greatly different sizes. The drug content in a weighed amount of granules of all formulations indicated that the granules possessed satisfactory flow properties, compressibility and drug content. The granules of different formulations were evaluated for angle of repose 23.75 ± 0.01to 31.05 ± 0.01, generally values of angle of repose are rarely less than 20 o , and values up to 40 o indicate reasonable flow properties. Loose bulk density 0.405 ± 0.02 to 0.446 ± 0.02g/ml and tapped bulk density 0.468 ± 0.03 to 0.540 ± 0.01 g/ml were observed. Compressibility index 13.46 ± 0.012 to 19.00 ± 0.03%, generally, compressibility index values up to 15% result in good to excellent flow properties, but readings above 25% indicates poor flowability. Moisture content 0.88 to 1.12%, total porosity 9.756 ± 0.04 to 18.96 ± 0.04% and assay 98.68±0.04 to 100.4 ± 0.06% (Table-2 ). All the results were found within the limits. The formulated matrix tablets met the pharmacopoeial requirements of uniformity of weight. All the tablets conformed to the requirement of drug content, as per USP. Hardness, % friability, diameter and thickness, tensile strength were well within the acceptable limits. (Table 3 ) All formulations showed less than 1% (w/w) friability that indicates the ability of tablets to withstand shocks which may be encountered during transport. The manufactured tablets showed low weight variations and a high degree of drug content uniformity was found among different batches of the tablets, and drug content was more than 98%.
Release kinetics. Based on pharmacokinetics the release of profiles of the formulated tablets was compared with the theoretical sustained release heeded to select the optimized formulation. To know the mechanism of drug release from these formulations, the data were treated according to zero order (cumulative amount of drag released versus time) equations along with Korsmeyer's (log cumulative parentages of in released versus log time) equations. The carbamazepine release rate kinetics was determined by multiple coefficients (R 2 ) for individual formulation (Table 4) . From the correlation coefficient values, it appears that Higuchi model is the best-fitting model for carbamazepine release since higher "R 2 " values were found for the whole release process, which indicates a diffusioncontrolled release. Diffusion is related to transport of the drug from the dosage matrix into the dissolution fluid, depending on the concentration. As the concentration gradient varies, the drug is released, and the distance for diffusion increases. This could explain why the drug diffuses at a comparatively slower rate as the distance for diffusion increases, which is referred to as the square-root kinetics or Higuchi's equation. In this experiment, the in vitro release profiles of the drug from all the formulations could be best expressed by Higuchi's equation, as the plots showed high linearity (R 2 = 0.924 to 0.954). To confirm the diffusion mechanism, the data were fitted into Korsmeyer's equation. Almost all the formulations showed good linearity (R 2 = 0.906 to 0.959), with diffusional exponent (n) values ranging from 0.957 to 1.221, indicating that erosion type super case-II transport was the dominant mechanism of drug release. The diffusional exponent of batches indicates super case-II transport type of release mechanism i.e. drug release is by coupling of erosion and polymer matrix relaxation-and may indicate that drug release is controlled by more than one processes. 
CONCLUSION
From the above observations an important conclusion can be drawn that an increase of SLS content increases the rate and extent of carbamazepine release from the matrix tablet. SLS had better solubilizing property on carbamazepine matrix tablet in compared to GMS. Another finding was that blending of solubilizer (SLS and GMS) and without solubilizer or surfactant did not show desire or optimum release profile after 24 hour. Among these six formulations only F-3 and F-5 met the USP specification of release profile where as the drug release from F-5 was inferior to F-3. Formulation F-3 contained 1% SLS and F-5 contained 1% GMS. So it can be concluded that SLS containing formulation gave better release than GMS containing formulation. Kinetic modeling of in vitro dissolution profiles revealed the drug release mechanism followed mainly super case II transport which was dependent on the type and amount of polymer used. Thus, a suitable combination of polymer, SLS and GMS can give us matrix system with desirable drug release. The optimized formulations may be used for the development of carbamazepine extended release tablet for commercial production in order to combat epilepsy and treatment of partial and tonic-clonic seizures.
